The coupling of propagating surface plasmon waves and localized plasmon oscillations in nanostructures is an essential phenomenon determining electromagnetic field enhancement on the nanoscale. With our recently developed experimental method [1], we can measure the maximum plasmonic field enhancement at any nanostructured metal surface. Here we use our method to investigate the fundamental question of plasmonplasmon coupling and its effect on large field enhancement factors.
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Coupling is studied on different nanostructured Ag thin films supporting not only propagating plasmons, but also localized plasmon oscillations due to the different surface nanostructures. Ultrashort laser pulses excite propagating plasmons in Kretschmann geometry ( Fig. 1 (a) ), while localized plasmons are excited on the surface nanostructures via the coupling of propagating and localized surface plasmons. Photoelectron spectra of the electrons photoemitted due to the plasmonic near fields are measured by a time-of-flight spectrometer [1, 2] . The analysis of the cutoffs (highest electron energies, Fig. 1 (b) ) of the electron spectra yields maximum plasmonic field enhancement values ×21, ×23 and ×31 for surfaces exhibiting 0.8, 1.6 and 4.5 nm average roughness values, respectively. The finite-difference time-domain (FDTD) simulation of the individual rough surfaces not only support the measured field enhancement values, but also reveal the contributions from propagating and localized plasmons ( Fig. 1. (c) and (d) ). The dependence of the field localization, i. e. the resulting field enhancement values on the grain size is also demonstrated. It is shown, that when resonance conditions are met, a significant portion of the field enhancement can be attributed to the generation of localized plasmons on the grainy surface nanostructures, acting as dipole sources resonantly driven by the propagating plasmon field [3] .
